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Abstract 
In this paper, a novel device is designed to connect with solar energy collector, and it can also be connected to 
domestic solar water heater to effectively use excess energy of the solar water heater. The device mainly consists of 
insulation shell, good heat transfer system, ventilation system, drainage system, temperature humidity control system, 
ultraviolet radiation sterilization disinfection system and some auxiliary systems. Compared with the published 
patents, this device just needs a small area, and it can work under a complete indoor situation of natural environment. 
It is installed with ultraviolet disinfection lights and hollowed aromatherapy box, so it may sterilize clothes and fresh 
the air during drying clothes so as to achieve better results than clothes are dried outside of the window. This device 
may be effectively applied to lots of occasions, such as families, hotels, schools and so on. It shows high practical 
value and social economic benefits. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
In people’s daily lives，as technology advances，living standards have markedly improved，and 
followed also brought some inevitable problems. The high price of the house and apartment is an 
outstanding issue in modern society, so that small living space becomes very popular in some regions. To 
save space, the clothes are suspended outside the window to dry. If a sudden rain happens, clothes will be 
wet and dirty again. In order to solve this problem to help people living more convenient, some devices 
using solar energy to dry clothes have been on the market, while they can only be used outdoor. The 
authors have designed a kind of solar drying system, which occupies a small area so that it may be install 
in the house, and has the same drying effect as the clothes are put outside the window. 
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2. Main Text 
2.1 Backgrounds of the solar drying system 
The invention is mainly related to heat transfer，optics，mechanical design and manufacturer. It is 
a device that simple, small, footprint, easy to control, reliable and practical and of high economic value. 
Solar energy water heaters are widely used in lots of regions, so if we can link solar energy water 
heater with a drying oven, using its original power cycle system to make hot water circulate in the 
designed oven and the heat flow through the pipe to distribute inside the box, the clothes will be dried 
quickly with the convection of hot air[1]. The device can accomplish this function in small indoor space. It 
can not only make full use of the solar energy water heater during idle time, but also can shorten the 
drying time, so it may increase the solar energy utilization efficiency and improve the quality of people's 
daily life. 
2.2 Technical requirements on the solar drying system  
For the solar energy dryer, due to its small working area, long working hours, and strong 
dependence on the weather, the following specifications are required: 
(1) Materials with good heat conduction performance are used to manufacture the pipe in the oven, 
so that they can absorb the maximum quantity of heat from hot water to ensure a high constant 
temperature of the oven. 
(2) Ultraviolet disinfection lamp is installed in the oven to sterilize the clothes, which can make the 
dryer arrive at the unique advantage of drying out of the window as far as possible. 
(3) A small fan is installed in the oven. It not only accelerates the wet lost of moisture, making 
humid air quickly spread to the external to increase dryness of the internal air, but also strengthens the 
flow of hot air to improve drying efficiency. 
(4) A hollowed aromatherapy box is specially installed inside the oven, so that the clothes will have 
a light faint scent, making our body more comfort. 
(5) The probes of thermometer and humid meter are installed inside the oven, which can readily 
record the temperature and humidity. The flow valves at the bottom of the box may be adjusted to control 
the heat transfer according to the feedback of temperature and humidity together with the materials of the 
clothes. 
(6) Thermal insulation material is installed up and down and back and forth of the dryer to prevent 
heat loss. The left and right sides are made of movable glass, so it is easy to put the clothes into the oven, 
and adjust ventilation rate according to temperature and humidity. 
(7) The drying oven and solar energy collector share one set of power cycle system. 
2.3 Design scheme of solar drying system  
(1) The main body structure of solar drying system 
The solar drying system can not only solve the city image problem due to clothes being hanged to 
dry outdoor, but also can simulate the situation of drying outdoor as far as possible, For example, the 
sterilization of outdoor sunlight and other characteristics need to be reflected in the design, making it 
come from nature, better than the natural.  
The main body structure of the solar drying device is shown as Fig. 1. It demonstrates that the main 
body of the solar drying device includes ultraviolet disinfection system, ventilation system, temperature 
and humidity control system, drainage system, heat transfer system and additional system. 
(2) Heat transfer and ventilation system  
Heat transfer system is the main system of the drying device. In order to increase the relative area of 
the heat transfer, three rows of pipe with staggered pattern are added within limited space conditions, 
dividing the oven into two parts so as to let clothes be hanged between the pipe rows[2].  The heat transfer 
system is shown as Fig. 2(a). Hot water flows in the pipe and convection heat transfer happens between 
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pipelines, heat transfer between pipeline walls is conduction, and heat is transferred to the clothes in the 
oven through thermal radiation and convection. Because the hot water in the unceasing cycle ensure the 
heat supply, and the pipe made of good thermal conductivity material has good heat transfer 
characteristics, the heat loss is strongly reduced to the minimum to increase the heat transfer efficiency.  
The ventilation system is necessary in the drying device. It is confirmed through a large number of 
experiments that during clothes drying, because the air is too wet, movable glass of drying device are full 
of water mist so that drying effect is greatly reduced[3]. To solve this problem, a small speed-adjustable 
fan is installed, which can not only appropriately speed up the wet loss of air according to the practical 
situation, but also accelerate the hot air convection. Ventilation system is shown as Fig. 2(b). In addition, 
both sides of movable glass walls can regulate ventilation rate according to the specific situation. 
1. Heat transfer conduit ; 2.Thermo-humidometer ;3.Heat preservation box shell ; 
4. Movable glass door ;     5.Fan;      6.The regulator 
Fig. 1 Main body structure design of solar drying oven ; 
                                 
(a) The heat transfer system                                                            (b) The ventilation system 
Fig. 2 The diagram of the heat transfer and ventilation system 
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 (3) Temperature and humidity control system  
In order to achieve better drying effect and reflect people-oriented design concept, a temperature and 
humidity control system is installed with the probes of the thermometer and humidity meter being 
inserted into the oven[4]. The probes can sensitively detect the internal temperature and air humidity and 
digitally display on the external side of the box. The flow control valves at the bottom of the oven is 
adjusted by evaluating data on the meters, the material of the clothes and its drying difficulty level to 
change the hot water velocity, in turn, change the heat flux. Temperature and humidity control system is 
shown as Fig 3. 
(4) Drainage system  
The clothes are now usually washed by washing machine, and then most water is eliminated by a 
spin-drier, so that the water remaining in the clothes is relatively low, and the clothes would be much 
easier to dry. However, not all the clothes are washed with a washing machine, especially those small 
ones in the summer are usually washed by hand. Based on this consideration, the bottom of this drying 
machine is designed as four corners so that dripping water can deviate from the drain outside the oven by 
their own gravity. Drainage system is shown as Fig. 4. 
(5) Ultraviolet sterilization system  
Except for the limited indoor space, the main reason people hang clothes out in the sun is to get the 
sterilization effect of the ultraviolet rays in sunlight to make clothes more clean and fresh. In order to 
simulate outdoor conditions completely, two ultraviolet disinfection tubes are installed on the top side 
inside the dryer so as to reach natural ultraviolet ray sterilization effect. 
(6) Auxiliary system 
In order to let solar drying machine more considerate to provide more practical assistance to 
people’s life, a hollowed aromatherapy box is installed inside the oven, which makes the clothes more 
pure and fresh during drying. And the hollowed box is removable, and people can replace box spices 
according to their favorite tastes. 
         
Fig. 3 Thermo-humido-control system         Fig. 4 Drainage system                    Fig. 5 Solar drying machine system 
2.4 Comparison with Existing technology 
Under the conditions of adequate light，good ventilation，it needs at least three hours to dry the 
clothes and the effect of sterilization achieved. 
At present the international community has put tumble dryers and warm air dryers into use in the 
home. Tumble dryer always uses PTC heating device，stainless steel inner tube design，the water of the 
clothes is changed into condensate and drained from the plane through. While drying clothes it can reach 
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more than 60℃ room temperature. Before drying you should put the same fabric clothes together, besides 
the clothes must be stacked flat and then put into the dryer, the program is cockamamie，and also takes at 
least 1-2 hours to dry a tube of clothes, so the program not only has a big power consumption, but also the 
price is expensive[5]. For example, ASKO Sweden Asker embedded dry closet DC7583WR 
Noise:58dB(A), energy consumption:0.8KWh/kg, all using imported, the price as high as 21,425.00yuan. 
Once these products are equipment failure, you need to replace the imported parts, and the maintenance 
costs a lot of money. 
In addition to tube dryers，warm air dryers are also used in various places. It works by providing 
hot air through a fan，the water in the clothes can be discharged outside through the vent，and as this 
matter warm air dryers are not suitable for indoor use. The structure of warm air dryers is simple, so there 
is their own production factory in the domestic[6]. The production FB12_F Bell Ryder of Foshan Shunde 
is a warm air dryer, hot air drying power of 900W, but it also takes 60 minutes to drying the clothes. 
Although the warm air dryers have a much cheaper price than tumble dryers, 300yuan each machine, and 
the drying time is shortened by half ,but its shortcomings are fairly obvious, including not completely dry, 
seal is not good, noisy and poor results. 
The solar dryer we designed uses solar water heaters which are now commonly used as the basis, 
and takes use of the collector performance and excellent thermal insulation properties of solar water 
heater, then makes the hot water at about 80℃ circulate in the oven， meanwhile there is an air fan to 
speed up the wet air flow. It is a new household appliance that sets advantages of both warm dryer and 
tumble dryer in it, it solves the problems of noisy and high price. 
We assume that a piece of clothing quality a kg, the washing machine after the drying quality into B 
kg, projecting to the clothes on the area of A. Ambient temperature of T, solar radiation intensity for the 
Q, the specific heat capacity of water is C. 
Everyday situations, according to  
( )Q = cm T = c b a T−+ +                                                                  (1); 
Also in               Q q A t= ;       so  ( )t c b a T q A= − +                            （2）;
If the use of solar energy drying box in the same condition down drying with a piece of clothing, 
also according to ( )Q =cm T =c b a T−+ +  . 
The oven heat transfer pipe outside diameter d = 40 mm, wall thickness delta = 2 mm, length H = 
800 mm; tube temperature T as T1, sunshine time, heating water quality for M1, Stefan - Boltzmann 
constant sigma, pipe root number n = 20; 
1
1 1T = qAt cm+ ,    1T =T + T+1                                                       （3）
In the radiation area of 
( )21 2A n d hπ=                                                                     （4）  ; 
Radiant heat         1 1 4A Tϕ σ ∧=                                                                            （5）;
So                        1Q tϕ=                                                                                             （6）;
Also in                 1Q t cm Tϕ= = +                                                                              （7）；
So      ( ) ( ) ( )21 1 1 14 [ 2 ] 4t c b a T A T c b a T n d h Tσ π σ∧ ∧= − = −+ + （8）;
Apparently t ¹＜＜t solar drying box to save time, high efficiency. 
The invented solar drying machine can illustriously combine with solar water heater, adjust the heat 
flux and ventilation rate, accommodate all kinds of clothes, and dry quickly. It has a good performance to 
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work for a long time in good sunlight, and it has a high stability, reliability, and strong practicability. The 
whole system is shown as Fig. 5. 
3. Summary 
As one kind of inexhaustible, safe, energy saving, environmental protective new energy, solar 
energy is getting more and more attention in this world and it has a huge development potential. Through 
the research of solar flat-plate collector, staged solar photovoltaic and thermal collector, solar air-
conditioning system and solar drying system, the authors explore a research and developing approach of 
solar energy. 
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